Due to the increasingly stringent environmental regulations placed on the power generation industry, new methods of generating power utilising the abundant availability of coal are being developed. Included in this development is the Power Systems Development Facility's (PSDF) processes of applying pressurised combustion and gasification to increase efficiency while eliminating many of the environmentally unfriendly emissions.
Due to the increasingly stringent environmental regulations placed on the power generation industry, new methods of generating power utilising the abundant availability of coal are being developed. Included in this development is the Power Systems Development Facility's (PSDF) processes of applying pressurised combustion and gasification to increase efficiency while eliminating many of the environmentally unfriendly emissions.
As with any combustion process, the measurement of oxygen in the flue gas is vitally important. The availability of the zirconium oxide in-situ oxygen analyser several years ago was a welcome change to those who had tried to maintain a real-time, accurate flue gas oxygen measurement. The zirconium oxide in-situ oxygen analyser is now the chosen method for measuring flue gas oxygen at virtually all power boiler outlets.
During the detail design stages of the PSDF in the early 1990s, an in-situ oxygen analyser could not be found that would operate at the required combustor pressures of 150-300 psig. Recently, following numerous inquiries of various vendors around the world, a vendor was found who has Figure 1 : The PSDF developed a sensor that will act as a pressure boundary to 170 psig and an electronics unit that will accept a 4-20 mA input from a pressure transmitter for oxygen partial pressure compensation.
This analyser has been successfully tested in the combustor outlet of the PSDF at a process pressure of 130 psig. The performance of the analyser is presented.
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Spouting-Sed Carbonlzer. Figure 3 : A pressure balance scheme using a pressure repeater. The PSDF (Figure 1 ) is an engineering scale demonstration of components for use in advanced coal-b~sed power pl~nts. Components being tested mclude: hlghtemperature/high-pressure (HTHP) gas filtration systems, low-NOx burners, air-blown gasifiers, and pressunsed combustors. One of the test trains is an advanced pressurised fluidised bed combustor (PFBC) designed by Foster Wheeler (Figure 2 ).
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This incorporates a gas turbine that supplies air to a carboniser and a circulating PFBC. Coal is fed to the carboniser and partially gasified to produce a low-Btu, high temperature syngas. The residual char is transfen:ed to the circulating PFBC where it is burned. The syngas IS burned using the PFBC flue gas as the oxidant to fire the gas turbine, wbich drives the air compressor and a 4-MW generator. This small power plant will be used to resolve the operational and integration issues associated with commercial application of this technology.
Pressurised process technology will change the appearance of future power plants. Large ductwork will be replaced w~th smaller refractory lined pipe. Large fans will be replaced with compressors. Large dampers will be replaced~ith valves. As with most pressurised boilers, most of the eqU1pme~t Will be required to survive with no housing, i.e. outdoor umts. . Gas analysis is extremely important in the success of thlS facility. Since it is a pressurised process, most of the n~rmal coal-fired boiler sensors cannot be used due to the higher pressure requirements and the error~introduced,. Hence, the boundaries of all existing gas analysls technologies are bemg stretched to accommodate the process conditions.
Oxygen Analysis History
Oxygen analysis measurement in flue gas mad~ma~or advances in the )980s with the introduction of a rehable 10-situ measurement. Prior to the introduction of the zirconium oxide in-situ oxygen measurement technique, extractive devices were widely used as the only source of continuous measurement. The oxygen analyser of choice was the paramagnetic analyser. The analyser was very reliabl.e when the sampling system worked properly. The samplmg system created major problems in getting a reliable measurement.
As with any extractive system, it was labour intensive and unreliable. Most of the problems with the sampling systems were caused by acid condensation from the S03 in the boiler flue gas. Since the oxygen readings were unreliable, the operators had a tendency to ignore them.
PSDF Analyser Requirements
The in-situ zirconium oxide analyser is now the standard for measuring oxygen in flue gas on coal fired power boilers. It has been the desired method for measuring oxygen in the pressurised combustion process at the PSDF since conception of the project Unfortunately, the inability of the standard in-situ analysers to handle high pressures has prevented the PSDF from utilising them. Therefore, extractive and bypass unit gas analysis systems have been utilised. 
Quest for a Pressurised Process Analyser
During the initial procurement of the PSDF components (1994), several inquiries were made to known vendors who provided in-situ oxygen analysers. All responded with negative answers concerning the pressure ratings. Since technology has made major advancements in a very short time, the internet was used in the year 2000 to search again for a manufacturer who could provide the desired oxygen analyser. At that time, most of the answers were again negative. Some of the vendors initially offering positive feedback proved, after further questioning, to be in error.
Only one US manufacturer responded with a believable approach. This manufacturer offered a pressure balance scheme using a pressure repeater (Figure 3) . The reference side of the sensor requires reference air equal to process pressure. The deficiencies with this approach are: a There is a high probability of the pressure balance relay sensing line becoming plugged, similar. to the 'plugging that occurs with the extractive sampling systems.
a The manufacturer could not adequately guarantee the process pressure boundary in event of reference air failure.
o Reference air supply is required to be 30-50 psig above maximum process pressure. In the case of the PFBC, the instrument air requirement would be 200+ psig. The instrument air pressure available at PSDF is 90-110 psig. An air amplifier would be required.
Final Analyser Selection
The analyser of choice is OXlTEC, manufactured by Enotec, Inc., a German company. This analyser is sold in the USA by Siemens Westinghouse Technical Services, Inc. The exterior of this analyser looks very ordinary. Its uniqueness is the construction ofthe sensor and sealing mechanism (Figure 4) . The sensor is a disc that slides into the end of the probe against a shoulder machined in the probe which prevents the possibility of blowout. It has been leak tested to 450 psig, therefore no pressure balance is required.
The OXITEC uses the zirconium oxide sensor which has the following characteristics when controlled at a constant a The sensor produces a millivolt output based on the partial pressure of oxygen at the process side of the sensor (process gas) versus the partial pressure of oxygen at the reference side of the sensor (instrument air).
a The sensor millivolt output will remain constant with a given process gas concentration versus reference air at or near ambient pressure.
a As the process gas pressure at the end of the probe changes, the oxygen partial pressure also changes resulting in a shift in the millivolt output versus process oxygen concentration. This shift based on process pressure creates the requirement for a pressure compensation component to be added to the equation.
Enotec has designed OXITEC's electronics to accept a 4-20 mA signal from a pressure transmitter for pressure compensation. The PSDF uses a retransmitted output from the site Distributed Control System (DCS) to the OXITEC electronics for this purpose. This signal enters into the calculation as a correction for process pressure.
The upper process temperature requirements at the PSDF required a gas cooling-bypass unit to be included to cool the process gas to the design conditions of the analyser. The probe is designed for 1450 OF maximum without the bypass unit. The bypass unit required on-site modifications to meet ASME pressure/temperature ratings. This bypass unit, as received, initially exhausted the sample gas back into the process pipe near the mounting flange. The extra heating on the mounting flange would have allowed the flange to reach in excess of 1,000 oF.
Therefore exhaust was redirected into the process stream, preventing the flange from overheating.
Conclusions
Even though the OXITEC analyser may not be widely known in the USA, there are 10,000+ installations of them around the world. The analyser is proven technology and has a two-year warranty including the sensor. At the PSDF, the OXITEC was compared to the readings on a downstream analyzer of similar type that is mounted in a bypass unit with pressure letdown. Since there are several nitrogen purge inputs between the OXITEC and the comparison analyser, calculations were made for the diluting effect of the nitrogen input for comparison purposes. The readings tracked very well, indicating the pressure compensation is good. The high dust loading in the gas stream did not create any problems for the bypass unit. Due to the design of the bypass unit, the response to process gas changes was slower than desired. Further modifications to the bypass unit will be required to increase the response time of the oxygen measurement.
